The present contribution is focused on the relation preparation -structure -optical properties of hybrid silica and zirconia powders containing Eu(III) complexes: [Eu(ntac) 
Introduction
Sol-gel materials functionalized with rare earth ions and their complexes display important optical properties like luminescence, coloration and energy transfer and give opportunity for wide technical applications as light sources, materials for UV -and IR energy conversion and optical sensors [1, 2, 3] . As a red emission source Eu(III) complexes with organic ligands are the most often used materials due to their pure, red emission with maxima at about 590 nm, 615 nm, 650 nm and 700 nm [1] [2] [3] [4] . From materials science point of view sol-gel species functionalized with rare earth ions are hybrid materials as they contain an organic ligand or complex in an inorganic matrix. Solgel chemistry is the most utilized method for preparation of the inorganic matrixes because of the possibilities of low temperature preparation conditions, molecular level of doping and processing of powders, aerogels or monoliths [4] .
Doping of ceramic matrixes /silica, zirconia, alumina, tin oxides/ with europium (III) complexes is a complicated process. If a classic case of sol-gel doping is used, the hybrid optical active specie, here an europium complex, is introduced in the silica containing sol [6, 8, 9] . Often, europium complexes used in the preparation of hybrid sol-gel composites decomposes during solgel process, leading to a low red emission intensity of the obtained sol-gel hybrid composites together with an additional blue or violet emission [6] . This paper deals with preparation strategies of silica and zirconia gels doped with europium complexes, avoiding decomposition of the europium complexes during sol-gel doping. We are presenting three methods for preparation of strong emitting zirconia or silica samples including: dicarbonitrile (pphendcn) is a new europium complex, detailed described in [5, 6, 7, 8, 9, 10, 11] .
The quantum efficiency of the solid complex is 10-15% [6] [7] [8] [9] [10] . Eu(phen)2(NO3)3·nH2O, europium (III) diphenathroline nitrate, is a well-known solid luminescent complex, detailed described in the paper of Mirochnik et al [11] . The quantum efficiency of the solid complex is 35-40%. [8] . A SpectraPro 300i spectrophotometer was used for measurement of diffuse reflectance, excitation / luminescence spectra and quantum yield of powdered samples. As standard, the Lumogen T Rot GG from BASF with maximum wavelength of excitation at 350 nm and maximum wavelength of emission at 615 nm was chosen. The
Quantum Yield (QY) of the investigated samples was determined using the comparison method.
Emission spectra were integrated between 430 and 750 nm and excitation spectra between 235 and 430 nm. The luminescence and reflectance measurements were used to estimate the QY (defined as the ratio of the number of photons emitted to the number of photons absorbed) of investigated samples. In this study, the presented luminescence spectra are mathematically threated as overlapping Gaussion curves to obtain relative intensities, peak number, peak maxima and half widths of each luminescence peak. The Eu -content in all samples prepared was checked using a ICP Ultima2 Horiba-Jobin Yvon unit.
Emission and excitation spectra with a higher resolution at about 1 nm were measured on a Varian Cary Eclipse fluorescence spectrophotometer with a self-made vertical sample holder, detailed described in [10] . To obtain the peak number in the region of each Stark multiplet second derivative luminescence spectra deconvolution has been applied. All peak maxima detected in this paper were in agreement with the electronic transition of Eu 3+ ion [4] .
To prepare silica and zirconia microparticles with an intense red emission, three physicochemical functionalization techniques, described below, were used.
A) Surface functionalization of silica micro particles with [Eu(ntac)3][pphendcn] (physical functionalization)
The preparation of hybrid silica micro composites includes the following basic steps:
1. Preparation of SiO2 matrix, using a classical base catalyzed sol-gel process, Danchova & Gutzov (2013) [9] .
2. Homogenization of the solid matrix in mortar to obtain silica micro particles in size 100-300 μm.
Impregnation of silica micro particles with solution of 0.0107M [Eu(ntac)3][pphendcn]
in ethanol (48 h at room temperature).
B) Preparation of functionalized micro particles starting from SiO2:Eu (chemical functionalization)
The preparation includes the following basic steps: The preparation of hybrid silica micro composites includes the following basic steps:
1. Preparation of a stable zirconia sol, using acetic acid as a complex forming agent to prevent fast hydrolysis and gelation.
2. Preparation of Eu(phen2)(NO3)3·xH2O following the procedure, described in our recent paper [12] 3. Addition of the fresh sol, containing Eu(phen2)(NO3)3·xH2O nanoparticles to the Zr(IV) sol and gelation of the system.
Experimental results and discussion
In Fig. 1 7 F2 transition which reveal the site-symmetry of the activator ion [6] . That means that during physical adsorption the complex structure is changed most probably because of the occurrence of surface interactions. In Fig. 2 Table 1 . presents the quantum yields of the investigated samples together with the doping level of the europium activator. In addition, the most probable site symmetry of the europium ion, extracted from the luminescence spectra, is given. The high quantum yields in table 1. confirm unambiguously that a ligand→europium charge transfer take place in all of the samples. The results in table 1. allow the potential application of the described hybrid powders as potential UV -sensors and label materials for chemical and biological applications. Table 2 presents a quantification of the Eu 3+ luminescence spectra, using three empirical parameters, described in our recent papers [6] . The parameter P1gives the intensity ratio between the integrated intensities of the electric -dipole transition I 5D0→7F2 at 615 nm and the intensity of the magnetic dipole transition I5D0→7F1 at about 590 nm and the intensity. It is well known, that P1
is high in the case of non-centrosymmetric environment of Eu 3+ [4] [5] [6] .
(1)
The relative intensity of another Eu 3+ transition, 5 D0→ 7 F0 at 580 nm is also important in the Eu 3+ spectra -structure correlation. It has been pointed out in the study of Binnemanns et al [13] , that 5 D0→ 7 F0 can be distinguished in the luminescence spectra only if europium ion has a site symmetry C2v or lower. To describe more accurately the site symmetry in this study, the parameter P2 is expressed as follows: (2) 
Here, I5D0→7F1 and I5D0→7F0 are the integrated intensities of the magnetic dipole transition 5 D0→ 7 F1
at 590 nm and of the electric dipole 5 D0→ 7 F0 transition at about 580 nm. In 
Conclusions
In this paper the functionalization of sol-gel silica and zirconia microparticles with 
